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Abstract

A study was conducted by LBNL/DOE in order to better understand the lighting usage
and energy consumption patternsin typical hotel guestrooms. Thisinvolved a multi-
phase research, development, and demonstration program. This program started with the
identification and characterization of common lighting technologies in hotel guestrooms
and ended in the measurement and monitoring of newly developed and existing
technologies at a hotel test site. Emphasis was placed on determining where lighting
energy was being used by guests and identifying the savings potentials that energy
efficient technologies could present. Initial dataindicates that compact fluorescent lamps
(CFLs) and occupancy sensors offer significant energy savings potentialsin hotel
guestrooms.



Project Objective

The objective of this research project was to gather information on how lighting is used
in typica hotel guestrooms, and determine the subsequent energy implications this
information suggests. Specifically questions that were addressed included:

How much energy is used in lighting a guestroom?

Where is the lighting being used the most?

What potential savings do CFLs offer?

What potential savings do occupancy sensors offer?

What are the occupant’ s responses to CFL s as compared to standard incandescent
lamps?

Can CFL s be used in amanner that does not sacrifice lighting quality?

Arethere trends in housekeeping behavior that affect the energy use patterns?

By answering these questions, we can identify appropriate energy efficient lighting
technologies and assist the lighting and hospitality industries in devel oping and
implementing these solutions.

Research Plan
Ten guestrooms on the same wing and floor of the hotel were used for the study. The
rooms were both single and double occupancy and had the following lighting fixtures: an
entryway downlight, a bathroom light, one or two bed-end table lamps (depending on
room type), atable lamp on the desk, and afloor lamp. (See Figures 1 and 2)
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Figure 1: Layout of typical guestroom with fixture types and locations



Figure 2: Atypical “single” guestroomwith a table lamp on either side of the bed.

The rooms were retrofitted with awide variety of lighting technol ogies ranging from
standard incandescent lamps and switches to novel prototype fixtures and lighting
controls developed by LBNL and our industry partners. Technologies were not mixed
within each room in order to not confuse the room occupants and to simplify the analysis
of occupant surveys. Many of the table lamps were “ dedicated fixtures’ which were
optimized specifically for CFLs based on photometric research at LBNL. With the
exception of several roomsin which CFL torchieres were used in place of the floor
lamps, all fixture styles remained consistent, regardless of the source technology used
inside them.

Specialy designed and prototyped lighting controls were installed in several of the
bathrooms. These controls were wall-pack occupancy sensors that included an additional
“night light” feature (see Figure 3). The occupancy sensor was set on an extra-long one-
hour timeout so that it would not turn the light off if a guest wasin the shower or bath for
an extended period and was not detected by the occupancy sensor. The special “night
light” feature enabled the bathroom light to be operated at a 10% light output. Thiswas
designed as an energy efficient option for people who may want alow-level night light in
their bathroom during the night. The light would stay in the “night light” mode for 10
hours or until the on/off switch was pressed again.
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Figure 3: Bathroom controls were co-designed by LBNL and Wattstopper that utilized an
occupancy sensor and a low-level “ night light” feature.

For three months in the Summer and Fall of 1998, lighting use profile data from the ten
guestrooms was collected. All lighting fixtures in the guestrooms were monitored with
Hobo Light State loggers made by Onset Computer or Intellitimers manufactured by
Wattstopper. The Hobos are small loggers that were placed near the light source, which
record the time at which the light is turned on or off (see Figure 4). In addition to the
information gathered by the Hobos, the Intellitimers also record when they detect
occupancy in the room with their built-in motion sensors.

Figure 4: Lighting loggers were connected to all lighting fixturesin the experimental
guestroom, including thistable lamp.



Results

After the experimental test period, the data loggers were retrieved and brought back to
LBNL for analysis. Unfortunately al of the surveys written for the study in order to
gauge the hotel guests’ opinions of the lighting technol ogies were misplaced by the hotel
staff. Without the survey information, it is not possible to determine the user attitudes
towards CFLs or CFLs effect on the lighting quality. Furthermore, approximately 20%
of lighting loggers were lost, stolen, or tampered with during the study. Still, it was
possible to gather valuable information from the remaining loggers.

Figure 5 shows the average use data (or “on-time”) for each type of guestroom fixture.
Thisdatais based on the average of the ten guestrooms during every occupied day during
the study (except for the data from bathroom lights that used the occupancy controllers).
This dataindicates quite clearly that bathroom lights experience particularly heavy usage
at nearly 8 hours of operation aday. Since some hotel bathrooms use incandescent vanity
fixtures, this can lead to significant energy loads. At thislevel of daily usage, a bathroom
vanity fixture with four 60W bulbs (the fixtures currently used by the Redondo Beach
Crown Plaza) consumes over 600 kilowatt-hours ayear, or amost $60 per year in each
guestroom for bathroom lighting alone. The next most used fixtures were the table lamps
on the bed end tables that were on for an average of almost 5 hours per day. With 100W
bulbs, this represents nearly 180 kilowatt-hours per year, or over $12 per table lamp per
year to operate.
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Figure5: Average hours of operation per day for various fixture types.



Figure 6 looks at the same set of data and shows when, on average, these fixtures are
using energy. Ingeneral, during the early morning hours (midnight to 5 AM) only a
small fraction (lessthat 15%) of the lights are turned on. Alternatively, all fixture types
experience peak usages in the morning (6 AM — 10 AM) and in the evenings (after 5
PM). Itisinteresting to note that some of these fixtures, most notably the high use
bathroom and bed fixtures, do not experience asignificant “dip” during typically
unoccupied daytime periods between 11AM and 5PM. These lights are on 20% to 25%
of the time during this period. Significant energy savings could be achieved if hotel
policy encouraged housekeepers to turn all room lights off when they leave.

Usage Patterns for Guestroom lamps as a Function of the Time of Day
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Figure 6: The percentage of lamps on at any given hour for each lamp type. For
example, at 10 AM, 38% of all bathroom lights are on.

The bathroom fixtures present an opportunity for the use of an occupancy sensor because
the room is separated from the general guest room area and thus will not be falsely
triggered by movement there. Additionally, the long burning hours of the bathroom
luminaire make this area particularly suitable for these energy saving sensors. Figures7
and 8 present an insightful look at the use patternsin this areaand can help identify the
energy savings potential that occupancy sensors offer in these bathrooms. Figure 7
shows how long these lights are generally left on during each use. This chart shows “twin
peaks’, one around 1-2 minutes and another around 16-32 minutes, implying that
occupants are generally using the bathroom either relatively briefly or for longer time
periods, such asfor bathing. Rarely isthelight turned on and then off in less than 30
seconds or left on longer than 2 hours at atime.
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Figure 7: Guests bathroom lights were rarely left on for more than 4 hours per use

Figure 8 looks at the same set of data, here instead indicating the number of times the
light was used for the given time duration, it plots the energy used for that cycle. This
plot is significantly shifted to the right, or towards the longer duration on cycles,
indicating that most of the energy is consumed during long periods of operation. In fact
the bathroom lights are left on for longer than 4 hours only 8% of the time, but these
longer burning periods account for 63% of this fixtures energy consumption. This
statistic leads to a very strong case for an occupancy sensor. If the 4-hour and greater
cycles were eliminated by an occupancy sensor, significant energy savings could be
achieved.
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Figure 8: Most of the bathroom fixture’ s energy was consumed when the light was left on
for 4 hours or longer



Conclusion

A significant finding in this study isthe relatively high usage and energy impact of the
bathroom lighting. While many bathroom fixtures are already fluorescent, significant
energy savings could be achieved through the integration of occupancy sensorsin
bathrooms due to the substantial burn hours of these fixtures. Because of their high
wattage, incandescent bathroom fixtures offer extraordinary energy savings for
occupancy sensors at nearly $40 per fixture per year. But even fluorescent bathroom
fixtures could save nearly $10 ayear with the addition on an occupancy sensor.
Integration of a bathroom lighting controller/occupancy sensor can present energy
savings that rival those achieved by retrofitting all table and floor lamps with CFLs, with
amuch lower initial investment. Assuming that 90% of the 15 million U.S. hotel rooms
aready have fluorescent bathroom fixtures, an additional 2-3 billion kilowatt-hours
annually can be saved with occupancy sensors that simply shave off the * on periods’
greater than 4 hours.

In most cases asimple payback of less than 2 years can be achieved by replacing
incandescent lamps with CFLsin table and floor lamps. Many hotels have recognized
the energy saving potential of CFLs and mandated their usein all their facilities. But as
many as half of the 15 million hotel roomsin the U.S. still use incandescent lampsin the
table and floor lamps. If these remaining potable fixtures were relamped with CFLs, the
annual national energy savings would be 3-5 billion kilowatt-hours.

Additional research should be conducted on alarger scale and in hotel environments
different from Redondo Beach in order to verify these findings. Also, itiscritical to
obtain user survey information in order to determine the acceptance of these energy
saving technologies by the hotel guests. Hotel managers are understandably very
reluctant to accept new technologies that they perceive will sacrifice the quality of the
guestroom environment — even if the new technology promises to save them money.
While more information needs to be gathered, it appears that there are significant energy
savings opportunities in hotel guestroom lighting.
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